TITLE OF THR TNVENTTON 

OPTICAL PICKUP APPARATUS AND LASER DIODE CHIP 
BACKGROUND OF THE INn/ENTION 

1. Field of the Invention 

The invention relates to an optical pickup apparatus for 
reading information from a plurality of different kinds of 
recording media by emitting a plurality of laser beams having 
different wavelengths and relates to a laser diode chip for the 
optical pickup apparatus . 

2. Descripti on of the Related Art 

Generally, a semiconductor laser device is used as a light 
source of an optical pickup apparatus for playing an optical 
information recording medium such as CD, DVD, or the like. 

To play back the recording medium, the light emission 
wavelength and the numerical aperture (NA) of an objective lens 
of the semiconductor laser device which is used for playing a CD 
and for playing a DVD are different from each other. For 
example, in the case of the DVD, the wavelength is equal to 650 
nm and the NA is equal to 0.6 and, in the case of the CD, the 
wavelength is equal to 780 nm and the NA is equal to 0.45. 

To play different kinds of discs such as CD, DVD, and the 
like by one disc player, therefore, an optical pickup apparatus 
having therein light sources of two wavelengths of 650 nm and 780 
nm is being used. Fig. 1 shows an example of the optical pickup 
apparatus . 

According to the optical pickup apparatus shown in Fig. 1, a 
laser device 1 for emitting a laser beam having a wavelength of 
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650 nm, a laser device 2 for emitting a laser beam having a 
wavelength of 780 nm, a synthesizing prism 3, a half mirror 4, a 
collimator lens 5, and an objective lens 6 are sequentially 
arranged. Further, a photodetector 7 is arranged on another 
optical axis which is branched from the half mirror 4. In the 
construction, since an optical system starting with the 
synthesizing filter 3 and extending to an optical disc 8 is used 
in common for the CD and DVD, in both cases, the light emitted 
from the laser device passes through the synthesizing filter 3 
and, thereafter, is guided toward the optical disc 8 along an 
optical axis Y. The objective lens 6 used here is a lens having 
double focal points and different focal positions can be obtained 
in accordance with two wavelengths. A spherical aberration which 
is caused by different thicknesses of surface substrates of the 
CD and DVD can be, consequently, suppressed. 

In the construction, however, since a synthesizing prism or 
the like is needed, a large number of parts is required and the 
costs of production are high. Further, because it is necessary 
to match the positions of the two laser devices and the 
synthesizing prism, the construction becomes complicated, and it 
is difficult to make adjustments to the device. 
OBJECTS AND SUMMARY OF THE INVENTION 

In consideration of the problems, it is an object of the 
present invention to provide an optical pickup apparatus and a 
laser diode chip, in which a construction of the apparatus for 
using a plurality of laser beams having different wavelengths can 
be simplified and miniaturized. 



According to a laser diode chip of the invention, there is 
provided a laser diode chip for an optical pickup apparatus in 
which a plurality of light emitting portions are formed on a 
substrate for emitting laser beams having different wavelengths 
in the same emitting direction, wherein light emitting points of 
the plurality of light emitting portions are located at different 
positions in the emitting direction. 

According to the invention, there is provided an optical 
pickup apparatus comprising: a light emitting device in which a 
plurality of light emitting portions for emitting laser beams 
having different wavelengths are formed on a substrate and the 
laser beams are selectively emitted in the same emitting 
direction from one of the plurality of light emitting portions; 
and an optical system for guiding the laser beams emitted from 
the light emitting device to a recording surface of a recording 
medium and guiding a laser beam reflected by the recording 
surface of the recording medium to a photosensing device, wherein 
the light emitting device is constructed in a manner such that 
light emitting points of the plurality of light emitting portions 
are located at different positions in the emitting direction. 
BRIEF D ESCRIPTION OF THE DRAWINGS 

Fig. 1 is a constructional diagram showing an example of a 
conventional optical pickup apparatus; 

Fig. 2 is a diagram showing a construction of an optical 
pickup apparatus according to the invention and an optical path 
of a laser beam in the case where an optical disc is a DVD; 

Fig. 3 is a diagram showing an optical path of a laser beam 



in the case where an optical disc is a CD; 

Fig. 4 is an external view showing a chip of a semiconductor 
laser device of a hybrid type; 

Fig. 5 is an external view showing a chip of a semiconductor 
laser device of a monolithic type; and 

Figs. 6A to 6E are diagrams showing a manufacturing 
procedure of the chip of Fig. 5. 

DETAILED DESCRTPTION OF T HE PRRFKRRED KMRnnTMFMTc; 

Embodiments of the invention will how be described in detail 
hereinbelow with reference to the drawings. 

Figs. 2 and 3 show an optical system of an optical pickup 
apparatus according to the invention. The optical pickup 
apparatus has a semiconductor laser device 11 for emitting two 
laser beams having different wavelengths. In the optical pickup 
apparatus, the laser beam emitted from the semiconductor laser 
device 11 reaches a half mirror (beam splitter) 13 through a 
grating 12. The grating 12 is provided for separating the laser 
beam into a plurality of light beams (0th order light, +1 primary 
lights). The 0th order light is used for focusing servo control. 
The ±1 primary lights are used for tracking servo control. 

The half mirror 13 reflects the incident laser beam at an 
angle of almost 90° for the incidence of the laser beam. The 
direction of the reflected laser beam is equal to a direction 
toward an optical disc 17 as a recording medium. A collimator 
lens 14 and an objective lens 15 are arranged between the half 
mirror 13 and optical disc 17. 

The collimator lens 14 converts the laser beam from the half 
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mirror 13 into a parallel light and supplies it to the objective 
lens 15. The objective lens 15 is a lens having double focal 
points and converges the laser beam of the parallel light onto a 
recording surface of the disc 17. The recording surface of the 
disc 17 reflects the laser beam. The laser beam reflected by the 
recording surface is converted into a parallel laser beam by the 
objective lens 15 and collimator lens 14 and, thereafter, 
linearly passes through the half mirror 13. A cylindrical lens 
18 and a photodetector 16 are sequentially arranged in the 
optical axial direction which passes through the half mirror 13. 
The cylindrical lens 18 is an astigmatism generating device for 
forming an astigmatism. 

Fig. 2 shows the case where a DVD is used as an optical disc 
17. A first laser beam having a wavelength of 650 nm is emitted 
from the semiconductor laser device 11. Fig. 3 shows the case 
where a CD is used as an optical disc 17. A second laser beam 
having a wavelength of 780 nm is emitted from the semiconductor 
laser device 11. 

Fig. 4 shows an external view of a chip of the semiconductor 
laser device 11. As shown in Fig. 4. the semiconductor laser 
device 11 is provided in the form of a single chip. A first 
light emitting portion 21 having a first light emitting point Al 
for emitting the first laser beam of the wavelength of 6 50 nm and 
a second light emitting portion 22 having a second light emitting 
point A2 for emitting the second laser beam of the wavelength of 
780 nm are formed on one principal surface of a single n-type 
GaAs substrate 20 through a separating groove 23. Each of the 
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first light emitting portion 21 and second light emitting portion 
22 has a laminate structure as will be explained hereinlater. A 
back electrode 24 serving as a common electrode of both light 
emitting portions 21 and 22 is formed on the other principle 
surface of the substrate 20. 

The light emitting surface of the first light emitting 
portion 21 having the light emitting point Al and that of the 
second light emitting portion 22 having the light emitting point 
A2 are directed in the same emitting direction (shown by an arrow 
X). The light emitting surface of the first light emitting 
portion 21 and that of the second light emitting portion 22, 
however, are not located on the same plane. Assuming that the 
light emitting surface side is oriented in the forward direction, 
i.e., as shown in Fig. 4. in the direction of the arrow A, the 
first light emitting portion 21 and second light emitting portion 
22 are arranged on the substrate 20 so that the light emitting 
surface of the second light emitting portion 22 is located on a 
plane that is behind the light plane of the emitting surface of 
the first light emitting portion 21. 

The first light emitting portion 21 has an n-type AfGalnP 
clad layer 31, a strain quantum well active layer 32. a p-type 
AfGalnP clad layer 33. an n-type GaAs layer 34, a p-type GaAs 
layer 35, and an electrode 36 in that order onto the GaAs 
substrate 20. A cross section of the clad layer 33 is formed in 
a trapezoidal shape in its center portion. The n-type GaAs layer 
34 is formed so as to cover the clad layer 33 excluding the 
trapezoidal top surface. A p-type GalnP layer 37 is formed on 
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the trapezoidal top surface. The first light emitting point Al 
is located in the strain quantum well active layer 32, 

In a manner similar to the first light emitting portion 21, 
the second light emitting portion 22 has an n-type AfGalnP clad 
layer 41, a strain quantum well active layer 42, a p-type AfGalnP 
clad layer 43, an n-type GaAs layer 44, a p-type GaAs layer 45, 
and an electrode 46 in that order. A cross section of the clad 
layer 43 is formed in a trapezoidal shape in its center portion. 
The n-type GaAs layer 4 4 is formed so as to cover the clad layer 
43 excluding the trapezoidal top surface. A p-type GalnP layer 
4 7 is formed on the trapezoidal top surface. The second light 
emitting point A2 is located in the strain quantum well active 
layer 42. An interval between an optical axis from the first 
light emitting point Al and an optical axis from the second light 
emitting point A2 is set to, for example, 100 pm. 

The semiconductor laser device 11 is fixed to an insulating 
sub-mount and covered by a casing member 11a as shown in Figs. 2 
and 3 . 

The semiconductor laser device 11 selectively generates 
either the first laser beam or the second laser beam in 
accordance with a control signal from a laser driving unit (not 
shown). Although both of the first and second laser beams are 
not simultaneously emitted, a center axis of the first laser beam 
and a center axis of the second laser beam are substantially 
parallel. Each of the emitted first and second laser beams has 
an elliptic shape as shown by a broken line in Fig. 4. In the 
invention, a center axis of the laser beam corresponds to a line 



passing through the center of the distribution of light intensity 
on the cross section of the laser beam. 

In the above construction, the first or second laser beam 
emitted from the semiconductor laser device 11 is separated to a 
plurality of light beams (0th order light, ±1 primary lights) by 
the grating 12 as mentioned above and, thereafter, reflected by 
the half mirror 13. The laser beam reflected by the half mirror 
13 is converted into a parallel beam by the collimator lens 14 
and reaches the objective lens 15. The laser beam is converged 
onto the recording surface of the disc 17 by the objective lens 
15 and forms an elliptic light spot. 

The beam which was modulated by an information pit and 

0^- reflected by the recording surface of the disc 17 passes through 

H 

Ul= the objective lens 15 and collimator lens 14, is returned to the 

half mirror 13, is separated here from an optical path from the 
ilj^ semiconductor laser device 11, and enters the photosensing 

ri: surface of the photodetector 16 through the cylindrical lens 18. 

As mentioned above, the first light emitting point Al of the 
first light emitting portion 21 for emitting the first laser beam 
of the wavelength of 650 nm is located on the grating 12 side 
behind the second light emitting point A2 of the second light 
emitting portion 22 for emitting the second laser beam of the 
wavelength of 780 nm. Basiclly, a difference between the 
positions of the first and second light emitting points Al and A2 
is set so that a light converging point on the disc 17 is located 
on a proper position (for example, the recording surface) in 
consideration of a difference of angles of refraction at the time 
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when the first and second laser beams of the different 
wavelengths pass through the same optical parts such as 
collimator lens 14, objective lens 15, and the like, namely, in 
consideration of wavelength dependency of a refractive index. 

The first laser beam is emitted from the first light 
emitting portion 21 in the case where the disc 17 is a DVD as 
shown in Fig. 2, and the second laser beam is emitted from the 
second light emitting portion 22 in the case where the disc 17 is 
a CD as shown in Fig. 3. However, in the case where a disc is 
put on a turntable (not shown), the positions of the information 
recording surfaces from the disc surfaces of the respective DVD 
and CD where the laser beam enters are different from each other 
as shown by a reference numeral 17a in each of Figs. 2 and 3. 
The difference between the positions of the first and second 
light emitting points Al and A2 is actually set so that the laser 
beam is converged onto the information recording surface in 
consideration of both of the angle of refraction of the optical 
parts and the angle of refraction of the substrate portion from 
the disc surface to the information recording surface of each of 
the DVD and CD. 

A length of the optical path from the light emitting point 
Al of the first light emitting portion 21 to the information 
recording surface of the DVD through the optical parts such as 
grating 12, half mirror 13, collimator lens 14, and objective 
lens 15 is, therefore, shorter than a length of the optical path 
from the light emitting point A2 of the second light emitting 
portion 22 to the information recording surface of the CD through 
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the optical parts such as grating 12, half mirror 13, collimator 
lens 14, and objective lens 15, In the case where the first 
light emitting portion 21 is driven and the first laser beam of 
the wavelength of 650 nm is emitted from the light emitting point 
Al, thus, the first laser beam transmitted through the optical 
parts in the optical path can be properly converged onto the 
recording surface of the DVD. Even in the case where the second 
light emitting portion 2 2 is driven and the second laser beam of 
the wavelength of 780 nm is emitted from the light emitting point 
A2, the second laser beam transmitted through the optical parts 
in the optical path can be properly converged onto the recording 
surface of the CD. That is, geneartion of chromatic aberration 
can be prevented even if either the laser beam of the wavelength 
of 650 nm is emitted for playing the DVD or the laser beam of the 
wavelength of 780 nm is emitted for playing the CD. 

Although the hybrid type device has been used as a 
semiconductor laser device 11 in the above embodiment, a 
semiconductor laser device of the monolithic type can be also 
used. Fig. 5 shows a semiconductor laser device of the 
monolithic type. In Fig. 5, a reference numeral 51 denotes a 
first light emitting portion for emitting the first laser beam of 
the wavelength of 650 nm. The first laser beam is emitted from a 
light emitting point Bl . A reference numeral 52 denotes a second 
light emitting portion for emitting the second laser beam of the 
wavelength of 780 nm. The second laser beam is emitted from a 
light emitting point B2 . 

Figs. 6A to 6E sequentially show a manufacturing procedure 



of the semiconductor laser device of the monolithic type in Fig. 
5. Fig. 6A shows a cross sectional portion in an epitaxial 
growing step. Fig. 6B shows that in a stripe forming step. Fig. 
6C Shows that in a cleavage step. Fig. 6D shows that in a pellet 
forming step, and Fig. 6E shows that in a cleavage step of a part 
Of the second light emitting portion and a substrate portion for 
obtaining the semiconductor laser device in Fig. 5. 

Although the case where the invention is applied to the 
infinite optical system using the collimator lens 14 has been 
shown in the embodiments, it can be also applied to a finite 
optical system. 

Further, although the two light emitting points of the 
different light emitting wavelengths are provided for the 
semiconductor laser device in the above embodiments, the 
invention can be also applied to a semiconductor laser device 
having three or more light emitting points of different light 
emitting wavelengths. 

As mentioned above, according to the present invention. 
Since the light emitting points of a plurality of light emitting 
portions are located at the different positions in the same 
emitting direction, even if the laser beam of an arbitrary 
wavelength is emitted, it can be properly converged to the 
recording surface of the recording medium and generation of the 
chromatic aberration can be prevented. There is no need to use 
the optical parts such as a synthesizing prism and the like as 
compared with the conventional apparatus and. further, the 
optical system can be concentratedly arranged in a compact form. 
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so that the construction of the optical pickup apparatus can be 
simplified and miniaturized. 
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